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(54) Power supply for non-contact IC card 

(57) A non-contact IC card has an antenna circuit 16 for receiving and transmitting data via an electromagnetic 
wave 20, a rectifier 18 and a capacitor 19 providing power for supplying the card by rectification of the received 
communication signal 20, and a battery 1 which acts as a backup power supply for data stored in a RAM 7 and 
also powers the card when the received electromagnetic wave 20 is weak. The dual power supply 1, 18, 19 has 
the advantages of both the prior battery-powered and batteryless types of IC card in achieving long battery and 
card life and also long communication distance. The battery 1 may be a primary battery with switching between 
the two power supplies being effected by a diode 2, or by an IC power control chip (14, Figs. 2, 3) which 
compares the voltage on capacitor 19 with a reference voltage indicative of the card operating voltage. The 
battery may alternatively be a rechargeable battery charged from the capacitor 19 (Fig. 4). 

FIG. 1 



16a 



lOa 




U3 

N> 
CO 

ro 

CO 

o> 



BNSDOCID: <GB 2292866A_I_> 




BNSDOCID: <GB 2292866A_I_> 




BNSDOCID: <GB 2292866A_I_> 



3/^ 



CD 



CO 

<3 




in 



V 



CO 
Csi 



Osl 





o 
o 



> > 



UJ U U h- 
CO z 2 O 



CO 

> 



CO CO 
LU LU 

cr Gc 



o 
cn 

CO 

m 



P ti 

< 2 3 < 

m o O CD 

> > > > 



CNJ 

< O 



CD 

o 



BNSOOCID: <GB 2292e66A 1^* 




BNSDOCIp: <GB 2292866A_L> 




BNSOOCID: <GB 2292866A^!_> 



FIG. 6 




28 



BNSDOCID: <GB 2292866 A l_> 




BNSOOCIO; <GB 2292866A_I_> 



FIG. 11 



AC WAVEFORM 0 




FIG. 12 



RECTIFIED 
WAVEFORM 




FIG. 13 



z 



BNSDOCIO: <G8 2292e66A _]_> 




« 2292866 

NON-CONTACT IC CARD 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to a non-contact IC card 
having the capability of transmitting and receiving data using 
an electromagnetic wave as a communication media, and 
particularly to a power supply technique of such a non-contact 
IC card. 

DESCRIPTION OF THE RELATED ART 

Conventional non-contact IC cards can be classified, 
according to the type of a power supply, as a battery-powered 
type and a batteryless type. The battery-powered card has a 
built-in battery whereas the batteryless card is powered by an 
external power source by means of electromagnetic coupling or 
via an electromagnetic wave. In battery-powered cards, the 
battery life ranges from 2 to 8 years depending on the frequency 
in use. In some cases, however, great consumption of power 
occurs owing to erroneous operations or erroneous start caused 
by for example noise. On the other hand, batteryless cards have 
a disadvantage that the communication distance is limited to a 
shorter range than battery-powered cards. 

Among the conventional non-contact IC cards using a 
radio wave as a communication medium, a battery-powered non- 
contact IC card powered by a built-in battery is shown in Figure 
5. In this battery-powered non-contact IC card (referred to 
simply as card hereinafter) 100, reference numeral 1 denotes a 
primary battery 1 for supplying electric power via a power line 
10 to various circuits in the card 10. Reference numeral 12 
denotes a GND (ground) line. 

Reference numeral 16 denotes an antenna circuit 15 for 
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transmitting and receiving information to and from an external 
device via a radio wave 20. The antenna circuit 16 includes an 
antenna 16a in the form of a coil and a capacitor 16b wherein 
the antenna circuit 16 is tuned at the same resonant frequency 
as the antenna of the external device such as a r eade r /wr i t e r 
(not shown). Reference numeral 5 denotes a CPU for processing 
data according to a user program. Reference numeral 6 denotes a 
ROM for storing the user program. Reference numeral 7 denotes a 
RAM for temporarily storing data. Reference numeral 8 denotes a 
clock for generating a clock signal in response to which the CPU 
5 operates. Reference numeral 9 denotes a bus via which data 
and addresses are transmitted. Reference numeral 3 denotes a 
modulation/demodulation circuit for modulating a digital signal 
received from an input and output control circuit 4 into an 
analog signal and also demodulating a analog signal received via 
the antenna 16a into a digital signal, wherein the input and 
output control circuit 4 converts the data from parallel and 
serial forms into serial and parallel forms, respectively, 
before transferring the data between the bus 9 and the 
modulation/demodulation circuit 3. 

The battery-powered card 100 operates in a manner 
described below. 

The card 100 transmits and receives data to and from 
the reader /writer (not shown) using an electromagnetic wave 20 
as a communication medium. The card is usually in a standby 
state in which the clock operation is stopped so as to reduce 
the battery power consumed by the card. The card starts an 
operation only when it has received a signal from the 
r eader /wr i ter . The received signal includes a trigger (TRG) 
signal m response to which the card operation is started, and a 
data signal (a communication command) to be dealt with m the 
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card . 

Figures 6 through 8 illustrate waveforms of signals 
which are obtained at various portions of the card 100 in Figure 
5 when the card receives a trigger signal 26 for triggering the 
card operation (a signal in response to which the CPU 5 starts 
its operation) , and also receives a data signal 27 
(communication command) to be dealt with in the card, wherein 
Figure 6 illustrates a waveform of a received electromagnetic 
wave 20, Figure 7 illustrates a waveform of a digital signal 
converted from the electromagnetic wave shown in Figure 6, and 
the Figure 8 illustrates a waveform of a clock signal that is 
generated when the electromagnetic wave 20 shown in Figure 6 is 
received . 

When the card is in a standby state, the clock 8 
generates no signal as illustrated by a waveform 28 in Figure 8. 
If the card 100 receives a signal such as that shown in Figure 6 
from for example the reader/writer, the received signal is 
demodulated into a digital signal by the modulation/demodulation 
circuit 3, and the resultant signal is transferred to the input 
and output control circuit 4. The input and output control 
circuit 4 converts the received serial data into parallel data, 
and transfers the resultant data via the bus 9 to the CPU 5, the 
RAM 7, or other portions of the card. After the CPU 5 has 
processed the data, the input and output control circuit 4 
receives the resultant data in parallel form. The input and 
output control circuit 4 converts the received data into serial 
form, and transfers the resultant data to the 
modulation/demodulation circuit 3. The modulation/demodulation 
circuit 3 modulates the received digital data in serial form 
into analog form, and transmits the resultant analog signal 
using an electromagnetic wave 20 via the antenna 16. 




When the card 100 receives an end command from the 
reader/writer, the card 100 returns to a standby state (denoted 
by reference numeral 28 in Figure 8). If no valid communication 
command 27 is received after a trigger signal 26, the card 100 
returns to a standby state 28 regardless of reception of an end 
command. In the battery-powered card 100, before receiving a 
trigger signal, the card 100 is maintained in a standby state in 
which the operation of the clock 8 is stopped so as to reduce 
the power consumption. In this state, the CPU 5 performs no 
operation, and the primary battery 1 is used only for backup of 
data stored in the RAM 7, Therefore, only little power 
consumption occurs in the standby state. If the card receives a 
trigger signal, the clock 8 starts its operation. In this 
situation, the primary battery 1 supplies electric power to 
various circuits (the modulation/demodulation circuit 3, input 
and output control circuit 4, CPU 5, ROM 6, RAM 7). 

Among the conventional non-contact IC cards using a 
radio wave as a communication medium, a batteryless type card is 
illustrated in Figure 9 wherein this type of card is powered by 
an external power supply by means of electromagnetic coupling or 
via an electromagnetic wave. In this batteryless non-contact IC 
card (referred to simply as card hereinafter) 100a, the electric 
power is supplied via an electromagnetic wave 20. Reference 
numeral 18 denotes a rectifier circuit in the form of a bridge 
circuit including diodes 18a-18d for converting an AC voltage of 
an electromagnetic wave received via an antenna 16a into a DC 
voltage. Reference numeral 19 denotes a storage capacitor for 
storing a rectified DC voltage to be supplied to various 
circuits via a power line 11. Reference numeral 12 denotes a 
GND line. 

Reference numeral 16 denotes an antenna circuit for 
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transmitting and receiving information to and from an external 
device via a radio wave 20. The antenna circuit 16 includes an 
antenna 16a in the form of a coil and a capacitor 16b wherein 
the antenna circuit 16 is tuned at the same resonant frequency 
as the antenna of the external device. Reference numeral 17 
denotes a data line via which a received signal is transferred 
from the antenna 16a to the modulation/demodulation circuit 3 
and a signal to be transmitted is transferred from the 
modulation/demodulation circuit 3 to the antenna 16a, wherein 
the modulation/demodulation circuit 3 modulates a digital signal 
received from an input and output control circuit 4 into an 
analog signal and also demodulates a digital signal received via 
the antenna 16a into a digital signal. The input and output 
control circuit 4 converts the data from parallel and serial 
forms into serial and parallel forms, respectively, before 
transferring the data between the bus 9 and the 
modulation/demodulation circuit 3. 

Reference numeral 30 denotes a PROM composed of 
rewritable and nonvolatile memory for storing data. Reference 
numeral 29 denotes a control circuit for controlling operations 
performed sequentially in the card. 

In the batteryless card 100a, electric power is 
supplied in a manner described below. 

In the case of a batteryless type, the card 100a has 
to rectify an AC voltage provided by an external power source 
via electromagnetic wave so as to obtain a DC voltage. 

Referring to Figures 10 through 13, the rectifying 
operation will be briefly described below. When an AC voltage 
shown in Figure 11 is applied to a full-wave rectification 
circuit shown in Figure 10, a current flows through a load 
resistor 31 along current paths 32 and 33. The current flows 
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along the path 32 when the AC voltage shown in Figure 11 has a 
positive polarity, whereas the current flows along the path 33 
when the AC voltage shown in Figure 11 has a negative polarity. 
As a result, the current flows the load resistor 31 always in 
the same direction and thus a rectified voltage having a 
waveform shown in Figure 12 appears across the load resistor 31. 
This rectified voltage is applied to the storage capacitor 19 
(refer to Figure 9) so as to obtain a smoothed and stable 
voltage as shown in Figure 13. The smoothed voltage is applied 
to various circuits. 

The operation of the batteryless card 100a will be 
briefly described below. 

The card 100a operates in a manner similar to the 
battery-powered card 100 except for the manner in which electric 
power is supplied to the card. In the case of the batteryless 
card 100a^ the operation starts when the card 100a receives a 
signal from a reader /writer . At the same time, the voltage of 
the electromagnetic wave 20 carrying the signal is rectified by 
the rectifier circuit 18 and stored in the storage capacitor 19. 
The electric power stored in the storage capacitor 19 is 
supplied to the internal circuits. Unlike the battery-powered 
card 100 shown in Figure 5 in which data can be temporarily 
stored in the RAM, the batteryless card 100a shown in Figure 9 
cannot maintain data in a RAM when the card 100a receives no 
electromagnetic wave, and thus the RAM is replaced by a PROM 30 
composed of rewritable and nonvolatile memory. 

Conventional non-contact IC cards are constructed in 
the manner described above. However, the battery-powered card 
has a disadvantage that the primary battery has to always supply 
a considerable amount of electric power to the internal 
circuits. Further, noise or the like can cause the card to 
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erroneously start its operation, which results in a great power 
consumption. Thus, the battery will run out sooner or later and 
all data in the RAM will be lost. On the other hand, in the 
case of the batteryless card, since electric power is supplied 
from the outside via an electromagnetic wave, if the 
electromagnetic wave is too weak, the card cannot operate. This 
means that the communication distance is limited to a short 
range. Furthermore, a PROM is used in the batteryless card 
because RAMs cannot be employed in the card of the batteryless 
type. However, the PROM is slow in reading and writing 
operations and thus the data processing of the card is limited 
to a low speed . 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve the 
problems described above. More specifically, it is an object of 
the present invention to provide a non-contact IC card having 
advantages including those of the battery-powered type and the 
batteryless type thereby achieving a long battery life and thus 
a long card life, a high data processing speed, and a long 
communicat ion distance. 

According to a first aspect of the present invention, 
in view of the above objects, there is provided a non-contact IC 
card comprising: an antenna circuit for transmitting and 
receiving an electromagnetic wave serving as a medium for 
carrying data, and also receiving electric power carried by the 
electromagnetic wave; data processing and data storing means for 
processing and storing data, the data processing and data 
storing means being connected to the antenna circuit; a first 
power source for supplying electric power, the first power 
source being connected to the data processing and data storing 
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means; a second power source that is connected to the antenna 
circuit and the data processing and data storing means so that 
electric power received via the antenna circuit is rectified and 
then stored so as to supply electric power to the data 
processing and data storing means; and power source switching 
means that is connected to the first and second power sources 
and the data processing and data storing means in such a manner 
as to switch electric power supplied to the data processing and 
data storing means between the first and second power sources. 

According to a second aspect of the present invention 
based on the above-described first aspect, there is provided a 
non-contact IC card, wherein the first power source comprises a 
primary battery, and the second power source comprises a 
rectifier circuit for rectifying electric power received via the 
antenna circuit, and a storage capacitor for storing rectified 
electric power. 

According to a third aspect of the present invention 
based on the above-described first or second aspect, there is 
provided a non-contact IC card, wherein the power source 
switching means comprises a power supply controller that 
operates in such a manner that when the voltage of the second 
power source is higher than the operating voltage of the card, 
electric power is supplied by the second power source, and when 
the voltage of the second power source is lower than the 
operating voltage of the card, electric power is supplied by the 
first power source. 

According to a fourth aspect of the present invention 
based on the above-described first aspect, there is provided a 
non-contact IC card, wherein the second power source comprises a 
rectifier circuit for rectifying electric power received via the 
antenna circuit, and a storage capacitor for storing rectified 
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electric power, and the first power source comprises a secondary 
battery adapted to be charged by recti f ied ' electric power 
supplied by the second power source. 

According to a fifth aspect of the present invention 
based on any of the above-described first through fourth 
aspects, there is provided a non-contact IC card, wherein the 
data processing and data storing means includes a RAM acting as 
a rewritable memory, the RAM being backed by the first power 
source . 

In the non-contact IC card according to the first 
aspect of the present invention, the card includes: a first 
power source installed in the card; a second power source for 
supplying electric power from stored electric power obtained by 
rectifying electric power of an electromagnetic wave received 
from the outside via an antenna circuit; and power source 
switching means for switching electric power supplied to the 
data processing and data storing means between the first and 
second power sources, wherein when the electromagnetic wave is 
strong enough, the second power source is used, and when the 
electromagnetic wave is weak, the first power source is used. 

In the ^yfl"^ second aspect of the present invention, the 
first power source comprises a primary battery, and the second 
power source comprises a rectifier circuit for rectifying 
electric power received via the antenna circuit, and a storage 
capacitor for storing the rectified electric power wherein when 
the received electromagnetic wave is strong enough, only the 
second power source is used whereas the primary battery 
installed in the card is used only for backup of data stored in 
the RAM thereby reducing power consumption of the primary 
battery, and when the received electromagnetic wave is weak, the 
primary battery is used for card operation. 
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In the third aspect of the present invention, the 
power source switching means comprises a power s'upply controller 
that switches the power sources on the basis of the card 
operating voltage in such a manner that when the voltage of the 
second power source is higher than the operating voltage of the 
card, electric power is supplied by the second power source, and 
when the voltage of the second power source is lower than the 
operating voltage of the card, electric power is supplied by the 
first power source. 

In the fourth aspect of the present invention, the 
second power source comprises a rectifier circuit for rectifying 
electric power received via the antenna circuit, and a storage 
capacitor for storing rectified electric power, and the first 
power source comprises a secondary battery adapted to be charged 
by rectified electric power supplied by the second power source, 
whereby the first power source can be charged by electric power 
supplied from the outside via an electromagnetic wave. 

In the fifth aspect of the present invention, the data 
processing and data storing means includes a RAM acting as a 
rewritable memory, the RAM being backed up by the first power 
source thereby achieving a higher data processing speed than 
conventional batteryless cards using a PROM, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of a first embodiment 
of a non-contact IC card according to the present invention; 

Figure 2 is a schematic diagram of a second embodiment 
of a non-contact IC card according to the present invention; 

Figure 3 is a schematic diagram of a specific example 
of the power supply controller shown in Figure 2; 

Figure 4 is a schematic diagram of a third embodiment 
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of a non-contact IC card according to the present invention; 

Figure 5 is a schematic diagram of a conventional non- 
contact IC card of the battery-powered type; 

Figure 6 is a schematic representation of an 
electromagnetic wave carrying information to be received by the 
non-contact IC card shown in Figure 5; 

Figure 7 is a schematic representation of a waveform 
of a digital signal obtained by demodulating the electromagnetic 
wave received by the non-contact IC card shown in Figure 5; 

Figure 8 is a schematic representation of a clock 
operation which takes place when the non-contact IC card shown 
in Figure 5 receives an electromagnetic wave; 

Figure 9 is a schematic diagram of a conventional 
batteryless non-contact IC card; 

Figure 10 is a schematic diagram illustrating the 
operation of a rectifier circuit used in the conventional 
batteryless non-contact IC card; 

Figure 1 1 is a schematic representation of a waveform 
of an AC voltage applied to the rectifier circuit; 

Figure 12 is a schematic representation of a waveform 
of a voltage rectified by the rectifier circuit; and 

Figure 13 is a schematic representation of a voltage 
across a storage capacitor charged by the rectified voltage 
supplied by the rectifier circuit. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the accompanying drawings, preferred 
embodiments of the present invention will be described below. 

Embodiment 1 : 

Figure 1 is a schematic diagram of an embodiment of a 
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non-contact IC card according to the present invention. In the 
non-contact IC card 110 shown in Figure 1, reference numeral 16 
denotes an antenna circuit 16 for transmitting and receiving 
information to and from an external device via a radio wave 20. 
The antenna circuit 16 includes an antenna 16a in the form of a 
coil and acapacitor 16b wherein the antenna circuit 16 is tuned 
at the same resonant frequency as the antenna of the external 
— device. Reference numeral 17 denotes a data line via which a 
received signal is transferred from the antenna 16a to the 
to modulation/demodulation circuit 3 and a signal to be transmitted 

is transferred from the modulation/demodulation circuit 3 to the 
antenna 16a. Reference numeral 18 denotes a rectifier circuit 
in the form of a bridge circuit including diodes 18a-18d for 
converting an AC voltage of an electromagnetic wave received via 
an ' antenna 16a into a DC voltage. Reference numeral 19 denotes 
a storage capacitor for storing a rectified DC voltage to be 
supplied to various circuits via a second power line 11a. 
Reference numeral 12 denotes a GND line. 

Reference numeral 1 denotes a primary battery 
^ ' installed in the card for supplying electric power to various 

^ circuits via a first power line 10a. Reference numeral 5 
denotes a CPU for processing data according to a user program. 
Reference numeral 6 denotes a ROM for storing the user program. 
Reference numeral 7 denotes a RAM for temporarily storing data. 
Reference numeral 8 denotes a clock for generating a clock 
signal m response to which the CPU 5 operates. Reference 
numeral 9 denotes a bus via which data and addresses are 
transmitted. Reference numeral 3 denotes the 

modulation/demodulation circuit for modulating a digital signal 
received from an input and output control circuit 4 into an 
analog signal and also demodulating a analog signal received via 
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the antenna 16a into a digital signal, wherein the input and 
output control circuit 4 converts the data from parallel and 
serial forms into serial and parallel f orms , respect i ve 1 y , before 
transferring the data between the bus 9 and the 
modulation/demodulation circuit 3. Reference numeral 2 denotes 
^ a diode serving as a switch for turning on the power source 

connected to the first power line 10a. 

The modulation/demodulation circuit 3, input and 
output control circuit 4, CPU 5, ROM 6, RAM 7, clock 8, and bus 
9 form data processing and data storing means. The primary 
battery 1 serves as a first power source. Furthermore, the 
rectifier circuit 18 and the storage capacitor 19 forms a second 
power source. The first power line 10a, the second power line 
11a, and the diode 2 form a power source switching means. 

In the present embodiment, the card 110 includes: the 
,r primary battery serving as the first power source; and the 

second power source formed with the rectifier circuit 18 and the 
storage capacitor 19; so that electric power is supplied to 
various circuits from the built-in primary battery 1 via the 
first power line 10a and from the storage capacitor 19 via the 
second power line 11a wherein the storage capacitor 19 stores 
electric power obtained from the outside via an electromagnetic 
wave. The diode 2 disposed in the middle of the first power 
line 10a acts as a switch which operates in such a manner that 
If the rectified voltage which is generated by the rectifier 
circuit 18 by rectifying the electromagnetic wave 20 received 
via the antenna 16a is greater than the voltage of the primary 
battery 1, then electric power is supplied to the respective 
circuit via the second power line 11a, whereas if the rectified 
voltage is less than the voltage of the primary battery 1, then 
electric power is supplied to the respective circuits from the 
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primary battery 1 via the first power line 10a. The diode 2 
also prevents a current flowing via the second power line 11a to 
flow into the primary battery 1. 

The card 110 operates as follows. 

The card 110 is usually in a standby state or a low- 
power state in which the operation of the clock 8 is stopped and 
thus the operation of the CPU 5 is also stopped thereby reducing 
the consumption of the primary battery 1. When the card 110 
receives a signal via the antenna 16a from an external device 
such as a reader /writer (not shown), the card 110 starts its 
operation. At the same time, the voltage of the electromagnetic 
wave 20 carrying the signal is rectified by the rectifier 
circuit 18 and stored in the storage capacitor 19. The voltage 
across the storage capacitor 19 is compared with the voltage of 
the primary battery 1, and a voltage higher than the other is 
used to supply electric power to the internal circuits. After 
the modulation/demodulation circuit 3 obtains data, data 
processing is performed in the same manner as in the 
conventional technique, and thus further details are not 
described here. 

In the card 110 of the present embodiment, as 
described above, the built-in primary battery 1 is used only for 
backup of data stored in the RAM 7 composed of SRAM during the 
standby state, as long as the electromagnetic wave 20 is 
sufficiently strong. Therefore, only little power consumption 
occurs m the standby state. Furthermore, even in the case 
where the electromagnetic wave 20 is weak, the card 110 can 
operate using the primary battery 1 . This means that the card 
110 can perform communication over a longer distance. Thus, in 
the present embodiment of the invention, it is possible to 
perform communication over a longer distance with higher 




reliability. Compared with the conventional battery-powered 
card, the card 110 of the present embodiment needs less power 
consumption of the battery. Compared with the conventional 
batteryless card, the card 110 of the present embodiment can 
perform communication over a longer distance with higher 
reliability. Furthermore, the primary battery 1 installed in 
the card 110 makes it possible to employ an SRAM which is a 
nonvolatile memory capable, of operating at a high speed. 



lo Embodiment 2 : 

Figure 2 is a schematic diagram of another embodiment 
of a non-contact IC card according to the present invention. 
The non-contact IC card 111 shown in Figure 2 is substantially 
the same as the card 110 of the first embodiment shown in Figure 
1 except that the diode 2 is replaced by a power source 
controller 14. The power source controller 14 serves as power 
source switching means. 

The power source controller 14 is disposed between the 
first power line 10a and the second power line 11a so that when 
the voltage across the storage capacitor 19 storing energy 
supplied from the external via an electromagnetic wave 20 is 
greater than the operating voltage (5 V for example) of the 
card, the card 111 operates using electric power supplied from 
the external powe£ source via the second power _line 11a, and 
ir when the voltage across the storage capacitor 19 is less than 
the operating voltage of the card, the card operates using 
electric power supplied from the primary battery 1 via the first 
power line 10a. 

A specific example of the power supply controller 14 
is a memory card power IC (MB3790) available from Fujitsu. 
Figure 3 illustrates this memory card power IC. In Figure 3, 
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VIN denotes an input voltage terminal to be connected to the 
second power line 11a. VOUT denotes an output 'voltage terminal 
to be connected to the common power line 15 shown in Figure 2. 
VSENSE denotes an input terminal connected to a comparator for 
detecting the voltage level of the power source wherein a 
reference voltage generated by resistors 23 and 24 is applied to 
the input terminal VSENSE. VBAT1 denotes a primary battery 
terminal to be connected to the first power line 10a. CONT 
denotes an output control terminal for controlling the voltage 
supplied to the common power line 15. Other pins having no 
connection are not used in this embodiment. 

If the voltage applied to the VIN via the second power 
line 11a is greater than the reference voltage (for example an 
operating voltage of 5 V) applied to the VSENSE, the voltage 
applied to the VIN via the second power line 11a is output via 
the VOUT to the common power line 15. If the voltage applied to 
the VIN is smaller than the reference voltage applied to the 
VSENSE, the voltage of the primary battery 1 connected via the 
first power line to VBAT1 is output via the VOUT to the common 
power line 15. The reference voltage applied to VSENSE can be 
adjusted by adjusting the resistances 23 and 24. 

The card 111 operates as follows. 

The card 111 of the present embodiment is usually in a 
standby state to reduce the consumption of the primary battery 
1. When the card 111 receives a signal from a reader/writer, 
the card 111 starts its operation. At the same time, the 
voltage of the electromagnetic wave 20 carrying the signal is 
rectified by the rectifier circuit 18 and stored in the storage 
capacitor 19, The voltage stored in the storage capacitor 19 is 
applied to VIN of the power supply controller 14. If this 
voltage is higher than the card operating voltage applied to 
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VSENSE of the power supply controller 14, then the voltage 
stored in the storage capacitor 19 is output "via VOUT to the 
common power line 15, and thus the internal circuits can 
operate . 

On the other hand, if the voltage of the storage 
capacitor 19 applied to the VIN is lower than the card operating 
voltage, then the voltage of the primary battery 1 applied to 
VBATl of the power supply controller 14 is output via VOUT to 
the common power line 15 so that the internal circuits can 
(J operate. 

After acquiring data, data processing is performed in 

the same manner as in the conventional technique, and thus 

further details are not described here. 

In the card 111 of the present embodiment, as 

described above, the built-in primary battery 1 is used only for 
backup of data stored in the RAM 7 during the standby state, as 

long as the voltage obtained by the electromagnetic wave 20 is 
higher than the card operating voltage. Therefore, only little 
power consumption occurs in the standby state. Furthermore, 
J even in the case where the electromagnetic wave 20 is weak, the 

card 1 1 1 can operate using the primary battery 1 . This means 
that the card 111 can perform communication over a longer 
distance. In this embodiment, the power sources are switched in 
response to the result of comparison to the card operating 
voltage, and thus the present embodiment can provide higher 
reliability. 



Embodiment 3 : 

Figure 4 is a schematic diagram of still another 

embodiment of a non-contact IC card according to the present 

invention. The non-contact IC card 112 shown in Figure 4 is 
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obtained by replacing the primary battery 1 of the card 110 of 
the first embodiment shown in Figure 1 by a secondary battery 13 
so that the secondary battery 13 is charged by the voltage 
developed across the storage capacitor 19. Furthermore, the 
diode disposed in the path of the first power line 10a is 
removed. The secondary battery 13 acts as a first power source 
10, and first and second power lines 10a and 11a form power 
source switching means. 

An electromagnetic wave 20 is received via the antenna 
16a and rectified by the rectifier circuit 18. The rectified 
voltage is used to charge the storage capacitor 19. If the 
voltage appearing across the storage capacitor 19 is higher than 
the voltage of the secondary battery 13, electric power is 
supplied to various circuits via the second power line 11a. In 
this case, the electric power is also supplied to the secondary 
battery 13 so as to charge it. On the other hand, if the 
voltage across the storage capacitor 19 is lower than the 
voltage of the secondary battery 13, the secondary battery 13 
supplies electric power via the first power line 10a to the 
respect ive circuits. 

The card of the present embodiment operates as 

f ol lows . 

The card 112 of the present embodiment is usually in a 
standby state to reduce the consumption of the secondary battery 
13. When the card 112 receives a signal from a reader /wr i ter , 
the card 112 starts its operation. At the same time, the 
voltage of the electromagnetic wave 20 carrying the signal is 
rectified by the rectifier circuit 18, and this rectified 
voltage is used to charge the storage capacitor 19. The voltage 
across the charged storage capacitor 19 is compared to the 
voltage of the secondary battery 13, A voltage higher than the 
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other is used to supply electric power to the internal circuits. 

In the case where the storage capacitor 19 has a higher 
voltage, the voltage across the storage capacitor is also used 
to charge the secondary battery 13. 

After the modulation/demodulation circuit 3 obtains 
data, data processing is performed in the same manner as in the 
conventional technique, and thus further details are not 
described here . 

In the card 112 of the third embodiment, the secondary 
battery 13 installed in the card 112 makes it unnecessary to 
exchange the battery. The built-in secondary battery 13 is used 
only for backup of data stored in the RAM 7 during the standby 
state, as long as the electromagnetic wave 20 is sufficiently 
strong. Therefore, only little power consumption occurs in the 
standby state. Furthermore, even in the case where the 
electromagnetic wave 20 is weak, the card 112 can operate using 
the secondary battery 13. 

In the non-contact IC card according to the first 
aspect of the present invention, as described above, the card 
includes: a first power source installed in the card; a second 
power source for supplying electric power from stored electric 
power obtained by recti fying electric power of an 
electromagnetic wave received from the outside via an antenna 
circuit; and power source switching means for switching electric 
power supplied to the data processing and data storing means 
between the first and second power sources, wherein when the 
electromagnetic wave is strong enough, the second power source 
is used, and when the electromagnetic wave is weak, the first 
power source is used, whereby power consumption of the first 
power source is reduced compared to conventional battery-powered 
cards, and communication can be performed even under weak 




electromagnetic wave conditions and thus communication is 
possible over a longer distance compared 'to conventional 
batteryiess cards. Thus, the second embodiment of the invention 
provides a non-contact IC card capable of performing 
communication over a long distance with high reliability. 

In the a second aspect of the present invention, the 
first power source comprises a primary battery, and the second 
power source comprises a rectifier circuit for rectifying 
electric power received via the antenna circuit, and a storage 
capacitor for storing the rectified electric power wherein when 
the received electromagnetic wave is strong enough, only the 
second power source is used whereas the primary battery 
installed in the card is used only for backup of data stored in 
the RAM thereby reducing power consumption of the primary 
battery, and when the received electromagnetic wave is weak, the 
primary battery is used for card operation. Thus, the second 
aspect of the invention provides a non-contact IC card that is 
capable of performing communication over a long distance with 
high reliability and also has a long battery life. 

In the third aspect of the present invention, the 
power source switching means comprises a power supply controller 
that switches the power sources on the basis of the card 
operating voltage in such a manner that when the voltage of the 
second power source is higher than the operating voltage of the 
card, electric power is supplied by the second power source, and 
when the voltage of the second power source is lower than the 
operating voltage of the card, electric power is supplied by the 
first power source. Thus, the third aspect of the invention 
provides a non-contact IC card that is capable of performing 
communication over a long distance with high reliability and 
also has a higher reliability in maintaining a proper operating 
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vol t age . * 

In the fourth aspect of the present invention, the 
second power source comprises a rectifier circuit for rectifying 
electric power received via the antenna circuit, and a storage 
capacitor for storing rectified electric power, and the first 
power source comprises a secondary battery adapted to be charged 
by rectified electric power supplied by the second power source, 
whereby the first power source can be charged by electric power 
supplied from the outside via an electromagnetic wave. Thus, 
the third aspect of the invention provides a non-contact IC card 
that is capable of performing communication over a long distance 
with high reliability and also is convenient in that exchange of 
the battery (the first power source) installed in the card is 
not required. 

In the fifth aspect of the present invention, the data 
processing and data storing means includes a RAM acting as a 
rewritable memory wherein the RAM is backed by the first power 
source thereby achieving not only a long communication distance 
and high communication reliability, but also a higher data 
processing speed than conventional batteryless cards using a 
PROM. 




WHAT IS CLAIMED IS: * 

1. A non-contact IC card comprising: 

an antenna circuit for transmitting and receiving an 
electromagnetic wave serving as a medium for carrying data, and 
also receiving electric power carried by the electromagnetic 
wave ; 

data processing and data storing means for processing 
and storing data, said data processing and data storing means 
being connected to said antenna circuit; 

a first power source for supplying electric power, 
said first power source being connected to said data processing 
and data storing means; 

a second power source that is connected to said 
antenna circuit and said data processing and data storing means 
so that electric power received via said antenna circuit is 
rectified and then stored so as to supply electric power to said 
data processing and data storing means; and 

power source switching means that is connected to said 
first and second power sources and said data processing and data 
storing means in such a manner as to switch electric power 
supplied to said data processing and data storing means between 
said first and second power sources. 

2. The non-contact IC card according to Claim 1, 
wherein said power source switching means comprises a power 
supply controller that operates in such a manner that when the 
voltage of said second power source is higher than the operating 
voltage of the card, electric power is supplied by said second 
power source, and when the voltage of said second power source 
is lower than the operating voltage of the card, electric power 
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is supplied by said first power source. 

3. The non-contact IC card according to Claim 1 or 2, wherein said first 
power source comprises a primary battery, and said second power source 
comprises a rectifier circuit for rectifying electric power received via said 
antenna circuit, and a storage capacitor for storing rectified electric power, 

4. The non-contact IC card according to Claim 1, or 2, wherein said second 
power source comprises a rectifier circuit for rectifying electric power received 
via said antenna circuit, and a storage capacitor for storing rectified electric 
power, and said first power source comprises a secondary battery adapted to be 
charged by rectified electric power supplied by said second power source. 

5. The non-contact IC card according to any preceding Claim, wherein said 
data processing and data storing means includes a RAM acting as a rewritable 
memory, said RAM being backed by said first power source, 

6. A non-contact IC card substantially as herein described with reference to 
Figure 1, Figures 2 and 3 or Figure 4 of the accompanying drawings. 
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